Aims: To give normative databases of each retinal layers on OCT images in the healthy Caucasian population in Turkey and investigate the relevance of the data with factors such as age, gender, axial length and refraction. Study Design: Prospective, cross sectional, descriptive study. Place and Duration of Study: Department of Ophthalmology, Faculty of Medicine, Kirsehir Ahi Evran University, Kirsehir/TURKEY. Between September 2017 and March 2018. Methodology: 133 participants underwent full ophthalmologic examination and spectral domain OCT imaging (Spectralis, Heidelberg Engineering, Germany). After the automatic segmentation, central 1 mm and 1-3 mm superior, inferior, nasal and temporal thicknesses of retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL), retina pigment epithelium (RPE), inner retinal layers (IRL), outer retinal layers (ORL) and total retina thickness (TRT) analyzed with respect to age, gender, axial length and refraction (spherical equivalent). Polat et al.; OR, 9(4): 1-13, 2018; Article no.OR.46953 2 Results: Central 1 mm INL, ONL, ORL, IRL and TRT and four quadrants of pericentral 1-3 mm thicknesses of RPE had positive correlation with the age. All the sections of total retina, RNFL, GCL, IPL, INL, ONL and IRL thicknesses were significantly thicker in males compared to females. The thicknesses of all RNFL sections and central 1 mm circle thicknesses of TRT, IPL, INL, OPL, RPE and IRL had positive correlation with the axial length. Conclusion: A normative database for thicknesses of intra-retinal layers in Turkish population was presented in the study and significant impacts of the age, gender and axial length were presented.
INTRODUCTION
The retina is a multi-layered tissue consisting of multiple cells and connections. With the advancements of optical coherence devices, it is possible to evaluate the retina layers clinically almost in histological levels. Optical coherence tomography (OCT) gives images based on optical reflections and absorptions resulting multiple layers each corresponding histological structures on the OCT image [1] .
The softwares of the OCT devices are capable of automatically discriminating each layer on the OCT image and reporting the retinal segmentation of each layer with thicknesses. The repeatability and reproducibility of automatic retinal layer thickness measurements within the fovea with Spectral Domain (SD) OCT were shown to be substantially reliable [2] . Clinically, it is important to recognize the changes in these layers during the diagnosis and follow-up of retinal diseases. The retinal segmentation was also investigated in glaucoma and the neurological disorders [3] [4] [5] . In order to make a comparison, a normative database of healthy population is needed.
It is reported that total macular thicknesses were different among different ethnical origins [6] [7] [8] . Thus, identifying the normative database for each separate population was advised as it is supposed to be clinically valuable [9] . As the total macular thickness values, the intra-retinal layer thicknesses might be different among the different ethnical groups. To our best knowledge, the normative database of intra-retinal layers and association with relevant clinical factors for Turkish population has not been reported yet. In this study it is aimed to give normative databases of each retinal layers on OCT images in healthy Caucasian population in Turkey and investigate the relevance of the data with factors such as age, gender, axial length and refraction.
MATERIALS AND METHODS
The study was conducted according to the tenets of the Declaration of Helsinki and approved by the Clinical Research Ethical Committee of Faculty of Medicine in Ahi Evran University. The informed consent was obtained from all the participants in the study.
One hundred and thirty-three healthy adult participants who were older than 18 years of age were included in the study. The volunteers were divided into 5 age groups: Group 1 (18-29 years), group 2 (30-39 years), group 3(40-49 years), group 4 (50-59 years) and group 5 (60 years and above). The exclusion criteria from the study were: any systemic disease, any ocular disease except age related nuclear sclerosis, history of ocular surgery, any systemic or ophthalmic medication, refraction errors beyond 5 diopters of spherical or 2 diopters of cylindrical power, media opacities which impair OCT imaging and pregnancy. All the participants underwent full ophthalmic examination which includes obtaining the best corrected visual acuity, spherical equivalent (SE) calculation, intraocular pressure (IOP) measurement with air puff tonometer (Topcon TRK-2P, Topcon Corp., Japan), slit lamp examination of anterior segment and indirect retina examination. The right eye of each participant was included in the study. After the examination axial length (AL) measurement was performed by the optical low coherence reflectometry (Lenstar, Haag-Streit, Switzerland).
OCT Scan Protocol
OCT imaging of the macula region was performed by Spectralis OCT (Heidelberg Engineering, Germany). The OCT imaging was carried out by the following parameters: 20° x 15° degrees (5.9 x 4.4 mm), automatic real time (ART) indicating averaging of 100 frames , 19 horizontal sections with 240 µm intervals, 512 A-scan per B-scan. The images with higher than 20 dB quality values were included in the study. Followed by the image acquisition automatic intra-retinal layer segmentation was performed by the inbuilt Spectralis software (version 6.3.3.0). The automatic segmentation of retinal layers included retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL), retina pigment epithelium (RPE), inner retinal layers (IRL), outer retinal layers (ORL) and total retina thickness (TRT) (Fig. 1) . The inner retina layers were consisted of layers between internal limiting membrane and external limiting membrane.
The outer retinal layers were between external limiting membrane and Bruch's membrane. The intra-retinal layer thicknesses were obtained for each ETDRS subfields which were central 1mm circle, superior, temporal, inferior and nasal subfields between 1 mm and 3 mm circles in Spectralis software (Fig. 2) . ETDRS grid was centered on the fovea manually in the software panel if it was not positioned correctly and images which were not automatically segmented correctly were excluded from the study. The thicknesses of all the segmented layers were recorded within 3mm ETDRS grid. 3-6 mm subfields were not included as it exceeded the area of our imaging angle.
Statistical Analysis
The statistical analysis was performed by SPSS software (IBM, version 20) . Normality of data was tested by Kolmogorov-Smirnov normality test. The correlation of the variables was analyzed by Spearman test. The Chi square test was used for comparing the nominal-ordinal variables. Kruskal-Wallis test used for comparing the data distribution among the age groups. P values lower than 0.05 were accepted as statistically significant.
RESULTS
Sixty-seven males and sixty-six females; 133 participants in total, were included in the study. When the gender distribution was compared among the five age groups, there wasn't any significant difference statistically (Table 1, p=0.99). There were less patients in Group 5 than the other groups because of difficulty to find healthy participants above 60 years and older without any systemic or ocular diseases. AL, SE and IOP were compared among the age groups and there wasn't any statistical difference ( Table 2 ).
When the overall participants were considered, there was a negative correlation between the age and axial length (p=0.007, r s = -0.232) and positive correlation was observed between the age and SE (p<0.001, r s =0.441).
The mean axial length was compared between the genders and significantly longer mean axial length was found in males than females (23.61±0.82 mm, 23.07±0.86 mm respectively, p<0.001). However, there wasn't any difference with respect to the refraction between the genders (p=0.177). The retinal layer section thicknesses were also compared between the genders. All the sections of total retina, RNFL, GCL, IPL, INL, ONL and IRL thicknesses were significantly thicker in males compared to the females ( Table 3 ).
The median thicknesses of each retina layer with respect to 5 sectors of ETDRS and their correlation with age, AL and SE were summarized in Table 4 Automatically segmented retina layer thicknesses on OCT images were also compared among the age groups for five sectors of ETDRS grid. Median thicknesses, significant differences and pairwise comparisons were presented in Table 5 . Significant correlation between the AL and all RNFL layers and also between the age and all the pericentral RPE layers were notable.
Although it was not statistically significant in group 5 (older than 60 years), a thinning trend was observed for TRT thicknesses which was marked in IRL rather than the ORL which may indicate thinning of the inner retinal layer in this age groups. Partial correlations weren't presented as distribution of the data was not normal but skewed. 
DISCUSSION
In this study we found a weak positive correlation in central 1 mm total retina thickness (p=0.041, r s =0.178) and no correlation for the other pericentral (1-3 mm) total retina thicknesses with the increasing age (Table 4) . However, several previous OCT studies reported contradicting results about correlation between the age and the total retina thickness [10] [11] [12] . Two other studies with large study samples found that central macular thickness increased with the age while the inner and outer macular thickness decreased with the age which was consistent with our study results for central macular thickness [13, 14] . Several mechanisms were postulated which may result in thicker central macular thickness: 1) decrease of the pumping function of the retinal pigment epithelium with the age resulting in more fluid in fovea [15] ; 2) thickening of the internal limiting membrane and centrifugal force of the vitreous causing elevation of the central macula with age [13] ; 3) altered choroidal and macular blood circulation causing central retinal edema with aging which also may explain the absence of thickening in the pericentral macula [16, 17] . Although these may explain the increased thickness until 60 years of age , decreasing trend was observed in the oldest age group in our study which was also mentioned in a study by von Hanno [18] . It is hypothesized that the decrease in retinal thickness in the oldest ages is possibly due to the atrophic changes with the age, while the thickening of fovea in the younger ages may reflect other ageing processes, possibly the accumulation of extra-or intracellular debris [18] .
Won et al. [19] compared RNFL, GCL, IPL, INL, IRL, OPL, ONL and RPE thicknesses between the participants < 30 years of age and >60 years of age according to ETDRS grid. They reported that the central foveal 1 mm measurements of INL and IRL were significantly thicker in the older age group and pericentral 1-3 mm IPL was thicker in the younger age group and no other significant differences for the other remaining layers and rings. In another study, correlation between the RNFL thickness and age with two different SD-OCT devices were presented, and for one of the devices, negative correlation was found and for the other no correlation was observed [20] . In our study, central 1 mm RNFL thickness was significantly thicker in group 4 than group 1 (p=0.003), temporal 1-3 mm RNFL thickness was significantly thicker in group 3 than group 1 (p=0.035) and central 1 mm IRL thickness was significantly thicker in group 4 than group 1 (p=0.016) which indicates higher thicknesses in older ages. For the IPL thicknesses there wasn't any significant difference among the age groups. Demirkaya and et al reported significantly decreased pericentral GCL, peripheral IPL with the increasing age in The Netherlands [21] . In another study, with aging significant decrease in GCL thickness and IPL thickness were shown with Spectralis OCT in Caucasian population [22] . In our study, IPL thicknesses didn't have any correlation with the age and only temporal 1-3 mm pericentral GCL had weak positive correlation with the age. Ooto et al. [23] reported decreased inner retina layers (INL) with increasing age, in contrary to our study which we found significant weak positive correlation between INL and age. In our study, group 4 had significantly thicker INL compared to the other younger groups which were group 1, 2 and 3.
Only the central 1 mm OPL had correlation with the age (p=0.016, r s =0.208), and none of the ONL and ORL zones had correlation with the age.
Demirkaya et al. reported an increased central foveal RPE thickness with the aging and no change in pericentral ring in contrast to our study showing increased RPE thickness in all the pericentral 1-3 mm zones but not in the central 1 mm macular zone [21] . In a previous histological study, the foveal RPE and photoreceptor density did not change with the increased age but the GCL cell density decreased [24] . Although this seemed to be a contradiction with our study, changes in the cell density might not directly result in likewise changes in the retinal layer thicknesses. Gupta et al. [25] examined the chorioretinal junction histologically in the aging retina and they concluded that the RPE became pleomorphic with aging and the macular RPE became narrower with an increased height while the opposite occurred in the periphery. In addition, they reported that the Bruch's membrane thickened with hyalinization and increased deposits under the RPE [25] . This could explain why RPE thickens with the increasing age and it was consisted with our study results showing increased RPE thickness with the age in 1-3 mm pericentral zone. This was also justified among the age group comparisons in which older age groups had thicker pericentral RPE layers (Table 5 ). May [26] reported that Bruch's membrane thickening started in the periphery and macular thickening was observed after 45 years of age. This may also explain why the central 1 mm RPE thickening was not identified in our study.
Previous studies showed thicker total retinal thickness in males compared to females supporting our results [8, 13, 14, 22, 23, 27] . Another study with Spectralis OCT reported that the mean thickness of the RNFL, GCL, IPL in all ETDRS sectors, foveal INL, foveal OPL, and OPL of pericentral ring were significantly greater in men than in women; and the mean thickness of the ONL was greater in women. [19] In our study, all sections of the RNFL, GCL, IPL, INL, ONL and IRL thicknesses were significantly thicker in males compared to females, in addition, central 1 mm foveal OPL, inferior and nasal 1-3 mm ORL thicknesses were also higher in males compared to females (Table 3) .
In this study all the sections of RNFL and the central 1 mm of total retina, IPL, INL, OPL and RPE had weak-to moderate positive correlations with the axial length (AL) ( Table 4) . Hashemi et al. [13] reported that the central and inner total macular thicknesses had positive correlations and the outer total macular thickness had a negative correlation with the axial length. Other studies also found a positive correlation between the axial length and the central total macular thickness which was consistent with our study [14] . Underlying mechanism between the AL and the total macular thickness is still speculative and have not been clarified yet [13] . In a study with Stratus OCT, the overall total retinal thickness showed moderate negative correlation with the AL but not for central and pericentral 1-3 mm ring, while no correlation was observed between the RNFL, GCC, RPE and AL [28] . In another study, negative correlations were found between the AL and both TRT and ORL even after the magnification correction in Japanese population [29] . Positive correlations between the AL and the RNFL were reported in the other studies [20, 22] .
An increased foveal thickness was reported with the increased myopia in a previous study by Choi et al. [30] and von Hanno et al. [18] found that the lower refraction errors were associated with thicker the retina in the fovea and the thinner retina in the pericentral area. In this study we found weak positive correlations between the SE and a few sectors (Table 4) .
CONCLUSION
In conclusion, normative database for thicknesses of intraretinal layers in Turkish population was presented in the study. Central 1 mm INL, ONL, ORL, IRL and TRT and four quadrants of pericentral 1-3 mm thicknesses of RPE had positive correlation with the age. All the sections of total retina, RNFL, GCL, IPL, INL, ONL and IRL thicknesses were significantly thicker in males compared to females. The thicknesses of all RNFL sections and central 1 mm circle thicknesses of TRT, IPL, INL, OPL, RPE and IRL had positive correlation with the axial length. These correlations might be important during clinical assessment of OCT images.
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